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ABSTRACT
Mount Rainier, though beautiful, presents a major problem to the area around the
Puget Sound. This includes the metropolitan area of Seattle, Tacoma, Olympus,
Puyallup, and their suburbs. The problem is the threat of volcanic disaster. The purpose
of this project was to look into the potential volcanic hazards to the area and the
preparedness of the area in response to an eruption. This was done by looking at the
history of the mountain, past eruptions, and emergency management plans in place. To
predict an eruption now, the 1980 Mount St. Helens eruption was looked at for
comparison. Research on the mountain included a field trip to the area to see rock
formations and tephra layers from past eruptions. It was concluded that Mount Rainier is
still active and has the power to wreak havoc and destruction on the Puget Sound area.
The area is not prepared in the event of a major eruption. With plans in place now, the
area could effectively handle minor eruptions and mudslides affecting the immediate area
but not the devastating maximum event.
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Introduction
Sitting on the Seattle skyline is the majestic Mount Rainier. As part of the
Cascade Range, this mountain is not just a beautiful national park but a dangerous
volcano not all that unlike Mount Saint Helens. Mount Rainier is probably the most
dangerous volcano in the Cascade Range, due to the fact it is in volcanic damage range of
Seattle, Tacoma, and Olympus. It is estimated that 100,000 people live in the shadow of
Mount Rainier. In the near future is expected that the mountain will become active again,
to what level cannot be said. The mountain has been known to produce minor eruptions,
lahars, and major blowouts larger than the 1980 eruption at Mount Saint Helens. What is
certain is that Mount Rainier although beautiful is a ticking time bomb waiting to unleash
devastation on the Puget Sound Valley Area.
The mountain presents a wide variety of problems to the area. In this project I
will look at the hazards that the volcano poses to the area, some potential eruption
scenarios, the history of eruptions, warning projects, and the actual beauty and allure of
the national park.
Volcano Types
To help in understanding why Mount Rainier is so dangerous we have to
understand the type of volcano that it is. There are three different types of volcanoes,
caldera, strato, and shield volcanoes. Each of these types has its own temperament and
dangers that are associated with it.
Caldera volcanoes are just what they are named for. They are made of a very
large chamber of magma and liquid rock underneath a seismically active area, otherwise
known as a hot spot. An example of a caldera today would be the area in Yellowstone
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national park in the United States. Caldera volcanoes are not typical volcanoes because
their activity is often gone unseen. They have no visible lava flow, domes, or other
standard evidence of volcanoes. However, they can be surrounded by ashfall and debris
as is the case at Yellowstone National Park. The only evidence that these volcanoes are
active is ground swelling and tilt. The volume inside of the underground lake of magma
can be measured by the amount that the ground swells above the caldera and seismic
studies of the surface. These volcanoes are huge. When they do explode, which is only
every few million years, they unleash forces which are thousands of times greater than
that of typical volcanoes. They then leave behind huge depressions in their place. These
are the most dangerous type of volcano. The can leave whole countries in ruins under
volcanic debris and ash. The can have the most effect of global temperatures and
climate.
Shield volcanoes can be the most beautiful and the least dangerous of the three
volcano types. They tend to not have a visible cone or lava dome. Instead they can build
their sides very slowly and over long periods as to make them unnoticed, like the
volcanoes that make up the Hawaiian mountain/islands. Their lava is made of liquid
magma under relatively small amounts of pressure. It is free flowing and not explosive.
Often these volcanoes can be viewed from close distance without danger to bystanders.
Although these volcanoes can be dangerous to structures and other stationary objects they
rarely cause deaths. This type of volcano is very predictable and often characterized as
gentle. A good example is Kilauea in Hawaii’s Volcano National Park.
The third type of volcano is what is thought of when most people think of
volcanoes. It is the stratovolcano, or sometimes called a composite volcano. These

Tureson 4
volcanoes are often thought of as just scenic mountains. They are typically steep sided,
symmetrical cones of large dimensions built of alternating layers of lava flows, volcanic
ash, cinders, and lahars that rise often more than eight thousand feet above their bases.
At the summit of these stratovolcanoes is a crater that generally contains a main vent or
group of vents. As in the case of Mount Rainier, these vents are often covered by
snowfall and ice. They have created their own volcanic cave at the top of the mountain.
Lava underneath the crater puts pressure underneath the mountain. These volcanoes have
very viscous and explosive lava. This lava, since it is under such high pressure under the
weight of the mountain, dissolves gases from the surrounding rock and traps gas
associated with the magma. When this molten rock is finally exposed to the surface it
explodes with violent force that has the power to take the tops off of mountains and lay
waste to the surrounding land from pyroclastic flows and surges. The stratovolcano is
one of the most dangerous types of volcanoes. It draws people in with its beauty and
wild-life. Often people do not even know or recognize the danger of living in the area of
an active volcano.
The Formation of the Cascade Range and Mount Rainier
Mount Rainier is part of a system of volcanoes called the Pacific Ring of Fire.
This Ring of Fire consists of volcanoes all around the Pacific Ocean. It includes The
Aleutians in the north, the western coast of North and South America, Antarctica, eastern
Indonesia, the Philippines, and Japan. Over four hundred volcanoes have been active
around the Ring of Fire in recorded history. These volcanoes can be explained by plate
tectonics. For the Cascade volcanoes the interaction of the plates is called subduction.
This is a process where one plate will move underneath another. As the subducted plate
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melts under the plate above, the molten rock, called magma, rises through the overriding
plate. When the magma reaches the surface it erupts to form volcanoes which get built
up over time into huge mountains. Because of the nature of the magma rising through
solid rock and dissolving other elements and gases it forms the composite or
stratovolcano. In the case of the Cascade Range the two plates are the Juan De Fuca
Plate and the North American Plate. Here the Juan De Fuca Plate is moving slowly under
the North American plate. (Snow)
Hazards of Rainier
There are many hazards that are associated with any volcano. They range from
things like air pollution and volcanic ash fallout, to mudslides and earthquakes. In this
section I will try to note all of the hazards that Mount Rainier could pose in an eruption
and also in a non-eruptive event.
“Lahar is an Indonesian word describing mudflows and debris flows that originate
from the slopes of a volcano.’’(Brantley) Both types of flows contain the types of
sediments that are capable of moving huge amounts of materials, even large boulders,
structures, and automobiles. Debris flows are more cohesive than mudflows. They have
coarser sediments and are drier. They are normally the result of volcanic shift or
earthquake. Material that is loose on the sides of ridges, cliffs, or the mountain itself,
breaks away from the mountain and becomes almost like liquid as it flows down the
mountain, much like sand through an hour-glass. Mudflows are generally water based
flows that carry with them material out of river beds and/or from the foot of glaciers.
These tend to start as water flows and end up overflowing their banks carrying with them
debris and mud from the surrounding river valley. A lahar can be of any size. However,
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every lahar has the same overall property. They end up acting like volcanic cement.
These tend to bury areas they flood in massive amounts of debris, rock, sediment, and
ash. This effect has the ability to make whole towns disappear under what is basically
new land. (Miller)
Lahars have the ability to travel hundreds of miles away from the original point of
the incident. This is one of the reasons why Mount Rainier’s most dangerous hazard is
the lahar. Lahars have shown in the past that they can travel 320 KM away from their
start and travel at 100KMH. This type of activity was seen in the 1877 eruption of the
Cotopaxi volcano in Ecuador. (Hoblitt) Mount Rainier has this same ability, but Mount
Rainier is much more dangerous. Its river valleys and flood plains are filled with billions
of dollars worth of houses and communities. Hundreds of thousands of people live
directly within the damage path of potential and past lahars on Mount Rainier. Also, a
large lahar on Mount Rainier would give hardly any warning. From the peak of Rainier
to the first major community at its base is about forty minutes by lahar travel time. This
means that by the time you heard the lahar coming or got news of it, it would have
already buried you and your home. (Dreiger)
Another major hazard of Rainier is the flood. It is less dangerous than the lahar
but it still can have very damaging effects. Floods can originate from many sources but
the main ones are melting of snow banks, torrential rains, and glacial outbursts. Glacial
outburst floods or jokulhlaups are a sudden release of water that is stored in the base of
glaciers. Water can be stored and dissolved into the crystal matrix of the base of glacier.
All this water can be released by a few different stimuli. This normally comes from
minor earthquakes and summer melting. It is kind of like pouring out a glass of water.
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When you pour the water will hold on to the edge of the glass, but when turned more the
water comes rushing out. This is the same principle in the glacier. The surface tension
needs to be broken by some event to allow the stored water to be released. This type of
flood can hit without notice on clear days. It is seen as just a major rise in the flow of
water through a drainage canal. This flow can break the banks and act just as a flash
flood. (Walder) This type of event was most recently recorded on August 14 in 2001. It
is a regular occurrence on Mount Rainier because of the many glaciers and minor seismic
activity. (United Press International)
The next major hazard that Mount Rainier presents to the Puget Sound area is
pyroclastic flow. “Pyroclastic flows are high density mixtures of hot rock fragments and
hot gases that move away from their source vents at high rates of speed. (Hoblitt)” These
flows result from an explosive eruption of molten or solid rock fragments, or from the
collapse of vertical eruption columns of ash and larger rock fragments. A pyroclastic
flow may also result from a laterally directed blast or from explosion in lava dome.
Pyroclastic flows range widely in their makeup. They also vary widely in the size of
their grains of ash. They may consist of dense super-heated rock, pumice, or both. These
flows can range all the way out to two hundred kilometers from their source and can
cover two hundred thousand square kilometers. The distance and speed that the flows
move is related to the steepness of the site of origin and the amount of ash that they
contain. These flows can reach temperatures in excess of several hundred degrees
Celsius. (Hoblitt)
Pyroclastic flows consist of two different parts: a basal flow of coarse rock
fragments and debris that moves along the ground, and a turbulent cloud of finer pumice
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that makes a large ash cloud. The pumice ash fall may come downwind much farther
away from the source than the basal flow. Pyroclastic flows generally follow the
topography of their sources but have been known to jump over ridges and flow uphill
depending on the original speed and density. This activity was seen at Mount Mazama or
Crater Lake when one pyroclastic flow moved two hundred thirty one feet uphill and
across a divide seventeen kilometers wide to finally end up down valley at a distance of
sixty kilometers from the source vent. (Hoblitt)
Pyroclastic flows are extremely dangerous because of their high speeds and
temperatures. Objects and structures in their path can be swept away in hurricane-force
winds and destroyed if not burned due to the extreme heat. People and animals will be
killed by these flows from hot ash, gas, and toxic gas. In general nothing will survive in
a pyroclastic flow. What is left looks like rubble as was seen at Mount Saint Helens. The
aftermath of a pyroclastic flow has been described as the effects of nuclear warfare.
(Hoblitt) Because of the distance from the Lava Dome at Mount Rainier, forty to sixty
kilometers, the metropolis of Seattle and Tacoma are in the damage path of a large
pyroclastic flow, as seen at Crater Lake.
Similar to but not the same as a pyroclastic flow is a pyroclastic surge. A
pyroclastic surge is a more dilute mixture of searing hot gases and rock fragments. These
surges are still produced from the same vents but more frequently. These surges tend to
be able to flow easily over ridges and down valleys. These types of flows tend to follow
the underlying topography. (Myers) Pyroclastic surges are in general much cooler than
the pyroclastic flow, at or around one hundred degrees Celsius. These surges are
dangerous because of their gas composition. In the pyroclastic flow the temperature and
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force make the gas content unimportant, but in a surge it is the choking gas that can kill.
These surges are still hot enough to boil water and are common around springs and rivers
where lava flows meet water. They can still kill with searing heat but are not as intense.
The gas mixture of carbon dioxide and sulfur dioxide and other volcanic gases can kill
whole towns silently. In the 1902 eruption of Mount Pelee on Martinique a cloud of hot
ash, steam, and gas killed about three hundred thousand people within minutes, most
from inhaling hot noxious gases. (Hoblitt) These types of flows could be common at
Mount Rainier because of the heavy glaciation of the area.
By far the most impressive of all of the dangers at Mount Rainier would be the
actual eruption or volcanic blast itself. A volcanic blast is pretty self explanatory but is
defined as an explosion which is directed vertically or at some lower angle. A vertical
blast produces mixtures of superheated rock, gases, and debris flows. These flows travel
down the side of the mountain producing pyroclastic surges and flows. This type of
major blowout is the least dangerous. The energy of this explosion is directed outward in
all directions and is not concentrated onto one particular area. On the other hand a
horizontally directed blast as seen at the 1980 explosion of Mount St. Helens is the most
dangerous. This type of explosion moves massive amounts of rock and debris. The
energy from this blast is concentrated onto one area of land. What is left is wasteland.
Everything is destroyed and blown down. Any structure that does survive searing heat
and gas will be buried in the ensuing debris flow. (Hoblitt)
During the 1980 Mount St. Helens eruption, the debris flow from the major
volcanic blast completely removed the north side of the mountain and laid that material
over a six-hundred square mile area and ended twenty-eight miles from the source of the
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explosion. A similar explosion at Bezymianny Volcano is the USSR in 1956 covered
five hundred square miles and ended up traveling thirty kilometers from the source. In
both cases the debris flow moved up to one hundred kilometers an hour. There is no way
to outrun or get out of the way of such a volcanic explosion. If people or structures are in
the damage path of this explosion they are considered to be lost. (Hoblitt)
Volcanic blasts are most likely to happen at steep-sided stratovolcanoes. They
occur when viscous gas-rich magma is emplaced underneath shallow-level magma
chambers. This viscous magma holds the pressure that causes the volcanic explosion.
Being near the surface the magma chamber has the most likelihood of blowing open
rather than erupting normally. Mount Rainer meets all of the criteria for a lateral
volcanic blast. It is a stratovolcano with a relatively shallow magma chamber as seen by
small near-surface earthquakes. Because of the hazards of such volcanic blasts at well
populated areas such as Mount Rainier it has been suggested that a circular hazard zone
of thirty-five kilometers in radius be drawn around the summit of the volcano. This area
is then said to be off limits to permanent dwelling and structures because of the
possibility of volcanic blasts. (Hoblitt)
Generally not associated with a volcano of this type but is still a possible danger
in the event of an eruption is lava flow. Lava flows are streams of molten rock that erupt
relatively nonexplosivly from a volcano and move down slope. This is a hazard at Mount
Rainier only to the very immediate surrounding area. Since the rock at Rainier is
andesite in nature it would produce flows that are very viscous and slow moving. These
flows generally do not reach more than fifteen to twenty kilometers from the vent. Since
they are so viscous in nature these flows tend to form ridges, peaks and lava domes.
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(Hoblitt) Since they are so close to the summit of the volcano, at Rainier, the only thing
in danger of lava flows is Paradise City and some of the campsites of the national park.
Paradise City consists of a visitor’s center, scenic overlook and other national park
property.
Generated from volcanic blasts and other large expulsions from a volcano is
tephra. Tephra is lighter-than-air material that can settle hundreds of miles away from
the source. Tephra is not lethal to people immediately but can cause damage to structures
and farmland. The damage amount depends on how much tephra falls on the area.
Tephra can consist of small rocks and debris along with volcanic ash. Close to the
volcano large fragments of tephra are seen but as you move from the volcano the size of
the tephra is restricted to material than can be carried by the prevailing winds. This
means ash, pumice, and volcanic dust. This material can be carried around the world.
The dangers of this material come from accumulations on roofs and other structures. The
ash has the potential to collapse buildings that are not capable of handling extra weight.
Danger to crops comes from covering them in the ash so that they die beneath layers of
dust and pumice. Whole fields of crops can potentially disappear due to this. (Hoblitt,
Walder) Most of the time tephra is not a problem. Other than crops, ash can be easily
cleared from building and other structures. To people, the only danger would be if too
much of the volcanic ash is breathed in. Ash that is breathed in can cause, in time,
increases in lung cancer, asthma, and other respiratory problems.
There are many hazards that are associated with a volcano. These hazards depend
on the type of volcano, its placement in and around metropolitan areas, its placement in
terrain, its hydrologic features, and many other factors. Because of these factors the most
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dangerous hazard would be the mudflow. This is the main guide in designing the
emergency management plan.
Eruptive History - Mudflows
Post-glacial deposits at Mount Rainier have been primarily dominated by lahars
and mudflows: of these, over sixty separate events have been recorded but the most
dominant events in the history of Mount Rainier have been dominated by four mudflow
events: The Osceola Mudflow, Paradise Lahar, Round Pass Mudflow, and Electron
Mudflow. (Wood)
Several authors recognize that Mount Rainier was once higher than it is now.
Facing toward the east and north of the mountain is an area called the missing summit.
This area is the result of what can be described as almost a lateral blast. This lateral blast
resulted in part of the northeast face breaking away and traveling down the White and
Greenwater Rivers. This flow of mud and debris has been called the Osceola Mudflow.
Today the depression is still visible, and can easily be seen from Sunrise. (Vallance)
This means that in the past, activity not unlike that which was seen at Mount Saint Helens
in the 1980 eruption, has happened and can happen again.
The Osceola Mudflow began as a water rich avalanche during phreatomagmatic
eruption at the summit of Mount Rainier about 5600 years ago. It filled valleys of the
White River system to the north and northeast of Mount Rainier. The depths of the flow
have been seen in some parts as deep as one hundred meters. It flowed northward and
westward more than 120 kilometers from the source and covered more than two hundred
square kilometers of the Puget Sound lowland. Today this area would be the
metropolitan area of southern Seattle and most of Tacoma. The flow reached speeds of
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19 meters per second and reached a peak discharge of 5.2 million cubic meters per
second, forty to fifty kilometers downstream. The flow consisted of three different types
of movement. There was the axial facies which filled the Puget Sound lowland with
debris, mud, and fallen trees. This part of the flow was at places twenty-five meters
thick. The second part of the flow ended up the sides of valleys and ridges. This part of
the flow was as thick as two meters. The third part of the flow was once interpreted as a
separate Greenwater Lahar. It is seen in several places between Mount Rainier and the
Mud Mountain Dam. Hummocks as high as 20 meters and as wide as 60 meters dot the
surface of the mudflow. The reason that this mudflow traveled so far and comprised so
much volume was that it was cohesive in nature. Cohesive mudflows have the ability to
travel much farther than those which are not cohesive. Some of the other mudflows in
the eruptive history of the mountain have been non-cohesive in nature and therefore did
not travel as far. (Vallance)
One of these non-cohesive mudflows was the Paradise Lahar. The name lahar
given to this mudflow is probably because this flow left thinner deposits of more water
rich sediments.
“An initially huge, mainly non-cohesive lahar originated on the upper
flank of the volcano above Nisqually Glacier and overran Paradise Park,
the sub-alpine meadow between the Nisqually and Paradise Rivers. The
flow, the Paradise Lahar, also spilled across the demarcating Mazama
Ridge to enter the Cowlitz River system. Radiocarbon dates within the
same range as those of The Osceola Mudflow (4500 to 5000 years)
indicated that the Paradise Lahar probably reflects the same edifice
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collapse as The Osceola Mudflow. What was most unusual about the
Paradise Lahar was that it attenuated rapidly and left only thin deposits, in
spite of having reached depths of more than three-hundred meters in
canyons on the side of the volcano.” (Scott)
The Paradise Lahar is a noteworthy flow in the history of the mountain because it
moved large boulders two to three meters in diameter. The nature of the flow showed
that the lahar came in waves of movement instead of one large movement. This was
shown because the lower levels of the layers around the mountain were not eroded. This
meant that the flow came in strong waves that were believed to be volcanically explosive
in nature. The Paradise Lahar left a scar on the mountain, The Sunset Amphitheater,
which is till visible today. (Scott) This flow has shown that the area around the
mountain and for several kilometers downstream in the river valleys is not stable, but is
under constant danger of volcanic activity, and threat of lahars. These two events, The
Paradise Lahar and Osceola Mudflow, being so close in nature, led scientists to think that
these mudflows are part of an active phase in the mountain’s history. This phase was
marked by several volcanic explosions and blowouts. During this phase, as seen in the
Osceola Mudflow, the mountain lost several hundred to several thousand feet in height
and created a huge crater, bordered by the Russell Cleaver, Liberty Cap, Point Success,
and Disappointment Cleaver.
The next in debris flows that came from the mountain would be the Round Pass
Mudflow. This flow is about 2700 years in age. It is among the flows which reached the
Puget Sound Lowlands and would, today, cover at least part of the Seattle/Tacoma area.
The volume of the flow is not known but the force can be estimated by the debris that it
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left behind. By looking at the fallen forests and timbers from this movement it can be
estimated that this flow traveled about 40 m/s from its source. It originated from the
same area that activity had been seen in the past, from the northwest face or the Sunset
Amphitheater. The extent of this flow was between the Puyallup and Nisqually Rivers.
It covered these valleys in debris. (Scott) This is just another flow showing that the rock
and terrain to the northwest of the volcano is unstable and has shown to produce
devastating flows that reached into the metropolitan area of Seattle.
A major debris flow which has been seen in the recent history is the Electron
Mudflow. This mudflow/lahar is about 500-550 years in age. Its origin is from the same
spot the past large movements have come from, the Sunset Amphitheater. This flow’s
debris lies on top of the remnants of the very large Osceola Mudflow. It covers almost
the same terrain in the Puget Sound lowland. It extends into the southern Seattle and
Tacoma areas. It covered the Puget Sound Lowland area in about 25 meters of material
in some regions. The force of this flow also dammed the Kapowsin Creek and created
the Kapowsin Lake. This lake is about nine meters deep in some parts. This is
considered to be deep for a lahar-margined lake and therefore suggests that this flow was
very powerful and significant. (Scott)
Sid Perkins wrote in one article called “The Mountain, Take a Look At Mount
Rainier America’s Most Dangerous Volcano” about the dangers and history of some of
the mudflows from Mount Rainier.
“Evidence of lahars’ ability to destroy is directly underfoot. When the
debris from these lahars comes to rest, it often swallows entire forests. In
the area surrounding Orting, for example, the Electron Mudflow entombed
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a stand of mature Douglas Firs. Excavations during construction of
subdivisions and sewers around the town in the past 9 years have exhumed
the deeply buried stumps of more than 100 trees. The most impressive
stump measured more than 7.5 meters in circumference about 1 meter
above the ancient ground level. It would be one of the largest Douglas firs
in Washington State if it were still alive today.”
There have been many flows, lahars, and mudflows in the history of Mount
Rainier but these four mudflows are the major ones. These flows show, to people living
in and around Seattle, that the mountain has the ability to produce massive amounts of
debris and volcanic sediments. The movements have the ability to cover the land all the
way to the Puget Sound in ten of meters of debris. It is this type of event which is most
common at Mount Rainier, yet people continue to build on the areas that have been
affected by these flows, as seen in Orting which is just Southeast of Tacoma. Clearly
Mount Rainier has the ability to destroy everything in the Seattle area with a major
mudflow like the Osceola or a major eruption as seen at the eruption of Mount Saint
Helens in 1980.
Eruptive History - Other Events
Post-glacial deposits from Mount Rainier have been primarily dominated by
mudflows and lahars; in fact, over sixty separate layers have been identified. These
major mudflows have been or are thought to have been associated with eruptions and
activity in the mountain but not all of the activity at Rainier has been shown to produce
mudflows. In the history of Rainier there have been several major events that produced
mudflows and eruptions. In fact almost all of the ridges and smaller mountains in the
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area like the Tatoosh Range, Rampart Ridge, Stevens Ridge, Goat Island Mountains, and
the Burroughs Mountains are events of this nature. Because of the nature of the rock in
these eruptions the deposits often end up as ridge tops because they do not erode as
readily as the surrounding sediments. During the Holocene period eruptions at Rainier
produce eleven tephra beds composed of debris, pumice, and pyroclastic debris. These
beds total over 0.5 cubic kilometers. Eight of these layers, about 30-40 percent of the
total volume, have been carbon dated to 6500-4000 years before the present. These
eruptions have been linked to the active period in Rainier’s history that produced the
Osceola and Paradise Mudflows. (Wood)
One of the major eruptions or eruptive periods in Rainier’s history formed the
Lily Rock Formation. This was a period in Rainier’s history of 2.9 million to 840000
years ago. A thick sequence of volcaniclastic debris west of the mountain, the Lily Rock
Formation, is the earliest deposit seen at Mount Rainier. This formation formed most of
the land to the west of the summit cone of Mount Rainier and most of the volcanic
deposits to the west. This rock is considerably less dense than the native rock. It allows
for cracking, breakage, eruptions, and debris flows. It is thought that this formation is
what gives Mount Rainier such instability to the west side of the mountain, causing
eruptions directed northwest. (Wood)
Other early lava flows have been seen at Mount Rainier. These flows formed a
small shield. Mafic olivine-phyric basaltic andesite was erupted during the late
Pleistocene from two satellite cones formed from this shield on the northwest flank of the
mountain, Echo Rock and Observation Rock. Since these formations, 270 cubic
kilometers of lava have been erupted from Mount Rainier in the past one million years.
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(Wood) Part of Mount Rainier’s history is regular eruption of tephra, lava, and debris.
These eruptions have led to the formation of the most dangerous part of the activity at
Rainier, mudflows. Mount Rainier is a very active volcano that can produce events
readily that can do massive amounts of damage to the surrounding area.
Formation of the Main Cone
The main cone at Rainier is divided into two parts. There is the crater to the
southeast and the crater to the northwest. In the middle is the highest point on the
mountain, Columbia Crest. The two lesser points on either side of the two craters are
Point Success, and Liberty Cap. Most of Mount Rainer’s main cone has been built by
hundreds of thin lava flows interbedded with breccia and minor tephra. These flows
generally do not reach more than a few meters thick at the cone and drain down the sides
of the summit ending at its base. These flows have been seen at sixty meters thick on the
apron of the cone. Some of these minor flows enter the canyons around the summit but
generally do not cause much damage or travel very far. These flows have left a cone
standing about 2100-2400 meters high above the surrounding rock after the last major
glaciation. The height can only be estimated because of the ice and glaciers on the
mountain. Most of the summit cone, comprising the two craters, is covered in ice and
snow. Activity can still be seen from steam and gases being emitted from the ice on the
eastern summit crater. There is also a woven network of ice caves and other gas emitting
holes, called fumaroles, in the top of the mountain. These steam caves and gas emitting
vents keep the eastern crater partially clear of snow and ice even in winter. (Swanson)
C urrent Activity
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Since about the early eighteen hundreds the area around Mount Rainier has been
populated, either by farmers, settlers, or fur traders. Since then there has been written
documentation of the activities of the mountain. The area is always seismically active as
is with any active volcano. The earthquakes that do occur on the mountain are generally
not more than 3.0-4.0 on the Richter scale. They are about 6.0-8.0 kilometers in depths
and happen about one to every one or two weeks. These earthquakes do not cause
damage but are enough to disturb the mountain causing avalanches in winter and glacial
outburst floods. From these data the depth of the magma chamber can also be seen. The
magma chamber closely mimics the depth of the earthquakes at about 6.0-8.0 kilometers
in depth. (PacNet)
There have also been some notable volcanic events in the recent history of the
mountain and even one event that made news headlines not too long ago. In the mid
nineteenth century the mountain belched ash from the summit cone. This ashfall totaled
about one million cubic meters. In 1947 a glacial outburst flood caused a debris flow
from the Kautz Creek region. This smaller flow buried part of Longmire under mud and
debris. In 1963 an avalanche from the Little Tacoma Peak caused a lahar that buried the
campground of the White River. It was approximately 0.01 cubic kilometers. The debris
from this event can still be seen today on the Emmons Glacier and around its terminus.
In the late 1960’s geothermal activity mysteriously melted part of the Tahoma Glacier
causing flooding down the Tahoma Creek, Puyallup River, and Nisqually River. All of
these events caused minor scares that the mountain was on the verge of blowing its top.
However, these events caused relatively small amounts of damage and did not extend
beyond The Mount Rainier National Park boundaries. (Scott)
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Most recently, though, a major scare was felt through the valleys around the
mountain. On the night of Tuesday August 14, 2001 a glacial outburst flood originated
from the Van Trump Glacier filled the Nisqually River. This flood carried with it small
amounts of mud, rock, and other debris. Although minor, this event was a true wake up
call to the people in the area that the mountain might actually be still alive and getting
ready to erupt. (UPI) All of these vents prove to the people living in the Pacific
Northwest that Mount Rainier is alive and ready to release the big eruption.
Hydrology, Glaciers
One of the reasons that Mount Rainier is such a hazard in the Pacific Northwest is
because of it hydrology. The mountain is covered in glaciers, rivers, and streams. Upon
a volcanic event the drainage of the system will not be able to handle the extra flow of
water and debris from the mountain. All together the glaciers, snow, and ice covering the
mountain cover about 36 square miles of the surface of the mountain. These water
deposits cover about nine percent of the total park area and contain about one cubic mile
of water volume. (Crandell)
There are 25 glaciers in the park. They can be divided into three major groups
depending on their place of origin on the mountain. The first group comes from the
summit and travels into the valleys. This is the largest group of glaciers and is made up
of the Emmons, Nisqually, and Tahoma. The second originate from the flanks of the
mountain at about 7000-10000 feet. This group includes the South Tahoma, Carbon, and
Inter. The last group is the North-facing group that originates from about 6000 feet. This
group includes such glaciers as the Unicom and Pinnacle. (Crandell) All of these
glaciers, ice, and snow give the mountain a huge reservoir of water to release in a
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volcanic event. This is why floods, lahars, and mudflows are considered the most
dangerous facet to the mountains destructive power.
The major river drainages from the mountain are mainly made up of rivers that
drain into the Puget Sound, but there are some drainages that end in the Columbia River
area. These rivers can be divided into five areas. The Carbon, White, Nisqually, and
Puyallup rivers all drain into the Puget Sound. The only river not draining into the Puget
Sound is the Cowlitz River. This river runs through the South end of the park and meets
up with the Columbia River. The problem that these river drainages produce is in their
gradient down from the mountain. Each river has about 1000-3000 feet of drainage
between their systems. Some of these rivers have a gradient of 700-800 feet per mile.
The summit towers about 9000 feet above the valley floor below. All of these factors
mean that an event will be forced into one of these systems and quickly overrun it
causing massive damage. (Crandell) Along some of the river systems in the park, and
downstream, are dams. Most notably there is the Alder dam on the Nisqually River, the
Mossyrock and Mayfield Dams on the Cowlitz River, and the Mud Mountain Dam on the
White River. If these dams were to break there would be major flooding from water
stored up behind hind the dams in manmade lakes.

These dams give the area a unique

feature of safety even though their breakage would be catastrophic.
On The White River The Mud mountain dam is strictly a flood-control feature of
the river. The basin of the dam is kept normally at negligible storage. This dam has the
ability to hold about 131 million cubic meters. This is enough storage to stop all
mudflows but the maximum lahar. This means that any minor mudflow would be
attenuated. On The Cowlitz River there is the Mossyrock Dam. This dam acts as a
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multipurpose impoundment. It is used for power generation and to contain flood and
lahar damage. During the season the dam’s reservoir rises during the glacial melt in the
spring and falls in the winter in response to freezing. Even at its lowest holding of water
the dam can still only hold about 1600 million cubic meters of additional material. This
can only contain small and medium events. In the event of a large mudflow, the
maximum lahar, this 1600 million cubic meters of capacity would only meet half of the
mudflow output. On the Nisqually River the Alder Dam is a smaller version of the
Mossyrock Dam on the Cowlitz River. It has a usable capacity of about 198 million
cubic meters. This is about 86% of the maximum mudflow output. (Scott) All of the
dams on the river drainages from Mount Rainier would not be able withstand a maximum
vent from a volcanic eruption. However these dams do give some safety to the region.
They have the ability to protect the areas downstream from smaller lahars and medium
mudflows. Mostly they can protect from non-eruptive events. If the mountain were to
erupt these dams might break and cause massive amounts of damage downstream. The
water and sediments stored behind the dams would also add the to the damage
downstream.
Possible Eruption and Damage
A possible eruption at Mount Rainier can only be estimated or theorized from
looking at other eruptions and the past history of the mountain. When the eruption will
happen is also not certain. However when the mountain does begin to awaken it will give
off certain signs that it will blow. As magma in the magma chamber and deep
underground does push its way upward through the base of the mountain it give certain
types of earthquakes called harmonic tremors. These are specific tremors that tell
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scientists that magma is rising and coming back to life. After the magma starts to rise
and reach the surface activity at the summit will increase. Gas emissions will go up and
tilt on the mountain will show that it is expanding. However, precursor signs are not
always a positive way of telling that the mountain will erupt. The precursors may come
and go without an eruption. (Hoblitt)
There are many different ways that the mountain can show activity. It can give
off lahars, mudflows, pyroclastic flows, lava flows, and explosive blowouts. The
scenario that the people around the area of the Puget Sound look at is the worst case
scenario. This eruptive event would be the laterally directed blast as was seen in the
1980 eruption of Mount St. Helens. The damage that could be done to the area can be
estimated from the damage that was caused in the eruption of Mount St. Helens. During
a lateral blast the effects of the blowout would throw a shockwave away from the
mountain that would blow down everything in its path. Everything within the national
park would be destroyed by the shockwave. Past the initial shockwave destroying the
park the eruption would bum and destroy everything within 25 miles away from where
the blast happened. This would destroy the towns of Ashford, Elbe, Greenwater,
Wilkeson, Orting, Buckley, Graham, and Eatonville and the area around them. Past the
initial blast, pyroclastic flow, and lava flow there would be lahars and mudflows. These
are the most dangerous phenomenon in an eruptive event. The have the power to destroy
towns and cities up to 100 miles away from their source. As seen in the past with the
Osceola Mudflow, Paradise Lahar, and Electron Mudflow the area down stream all the
way out to the Puget Sound would be buried in mud-like cement. Today these mudflows
would cover areas like Tacoma, Auburn, Kent, Puyallup, Renton, and southern Seattle. If
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these areas were not evacuated the eruption would kill somewhere on the order of about
100000 people in blasts or mudflows. Because of this danger to the area the mountain
has been designated as a Decade Volcano. (Dreidger) It is estimated that the people
around the mountain would have about 40-75 minutes to evacuate. Because of this there
have been volcano evacuation routes laid out. (Handwerk) If the area were evacuated
there would be considerably less loss of life in an event but the damage would be
devastating. The loss of farmland, structures, homes, cars, and other manmade capital in
the path of an eruption would add up to billions of dollars. The area around Seatde
would shut down and millions would be lost in revenue. To recover from an eruption
would take years. Since this type of eruption can not be imagined there has been no
calculation of the total loss that would happen. (Dreidger) The good news about Mount
Rainier is that the probability of an eruption is very low. The mountain is not expected to
come back to life for a very long time. However if it were to come back to life the
consequences of an eruption would be huge. (Handwerk)
Monitoring
Seismological monitoring of the area falls on the shoulders of The Pacific
Northwest Seismographic Network and the Cascades Range Volcano Observatory.
Around the clock seismographs are running recording every bit of activity that Mount
Rainier produces. To monitor whether or not the mountain will produce a lahar there has
been a project started in the Pierce county area to monitor the area to the northwest of the
mountain. In the county there has been installed an automated lahar detection system.
This system works by a network of five acoustic flow monitor stations that have been
place within tens to hundreds of meters from active flood planes in the upper reaches of
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the Puyallup and Carbon River valleys. Each AFM consists of a microprocessor-based
data logger that measures amplitude, frequency, and duration of ground vibrations
detected by an exploration-class geophone. When measurements exceed threshold for
activity then the data are radioed to the base-station computer where it is analyzed and a
warning is put out. The system can tell the difference between a volcanic earthquake and
a lahar because it measures at a different frequency then that of the earthquakes. The
quakes are .5-20 hertz and the lahars are 10-300 hertz. By placing these AIM stations
downstream from each other the receiving station can tell the size, speed, and duration of
a lahar. (USGS)
Emergency Plans
When Mount St. Helens erupted in 1980, there was no plan in place regarding
warning policies, evacuation procedures, or emergency responsibilities. The
responsibility for creating a contingency plan for geological activity at Mount Rainier
falls on the shoulders of the Pierce County Department of Emergency Management. The
Pierce County Department of Emergency Management is working with other agencies
such as the Washington State Emergency Management, USGS, FEMA, American Red
Cross, US Forrest Service and many town emergency managers, fire and police rescue
personal, and educators to accomplish the immense task of creating a plan in case of
geological events. The emergency management plan has been divided into six parts:
Direction and Control, Mitigation, Warning, Public Education, Operations, and
Communications. This plan is different than others in the Cascades Range because the
mitigation committee is designed to work before an eruption and not after. These
committees work to control traffic flows and public works, zonation of hazards, warning
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in the event of eruption, educating the people of the possible hazards in the area, and
controlling the emergency response. For the emergency plan the USGS has given
200000 dollars to Pierce County for the installation of their lahar warning system. There
have also been amounts of about 100000 dollars allotted by state and county governments
for the purposes of testing their emergency management program. (PCEM) The efforts
put forth by Pierce County government are a good start but the fact remains that the area
around Tacoma and Seattle are largely unprepared for a volcanic event from Mount
Rainier.
The Beauty of Mount Rainier
“A mountain beyond imagining. A mountain unbelievable. Like Fairy
Tale Magic, an aura of myth, fable, and gods pervades. The splendor of
altitude, the serenity of tall timber, the haunting presence of an explosive
time gone by and yet to come are the vivid and abiding impressions given
by Mount Rainier.” (Snow)
In 1972 Captain George Vancouver sailed into the Puget Sound. When he arrived
he saw a huge mountain which he named in honor of his good friend, Peter Rainier.
Mount Rainier at that time had already been inhabited by Native American. At the time
they called it Takhoma, Tahoma, Ta-co-bet, or just big mountain. The mountain stands at
14401 feet high. At one time it was believed to stand at around 16000 feet high. This
mountain is the only area in the lower United States that supports year round glaciers, ice,
and snow. The harshness of the mountain is only matched by its ability to produce some
of the most beautiful alpine prairies, fields, and clearings. In these clearings are some of
the most beautiful flowers that people in other parts of the United States pay good money
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to have, including: Lupin, Phlox, Glacier Lilies, Avalanche Lilies, Magenta Bombs, and
many others. Yet, at Mount Rainier these flowers grow wild. Besides the awesome
flowers in the park, the park holds numerous species of small animals, deer, marmots,
bear, moose, elk and other large animals. Some 97% of the park is designated as
wilderness. Most of this land is coniferous forest including spruce and cedars that are
hundreds of feet in height and up to five or six feet in diameter. On March 2,1899 the
fifth national park in the United States was established, Mount Rainier National Park.
The beauty of this park can not be put into words. Some measure of the park’s beauty
can be seen in the ten of thousands of visitors that the park gets every year. (Warfield)
Conclusion
Mount Rainier is a beautiful place where flowers, animals, and tourists thrive.
Perhaps this is why the mountain is so dangerous, for beneath the mountain lies a beast
that is waiting to come out and wreak havoc on the Puget Sound area. Mount Rainier is a
very dangerous volcano within the Pacific Ring of Fire, and the Cascade Range. Most of
the large peaks in the Cascade Range are in fact volcanoes. These volcanoes are very
dangerous because they attract people to living within their damage zones. This has
happened at Mount Rainier. Seattle, Tacoma, Puyallup, Olympus, Kent, Auburn and the
military Fort Lewis are well within the range of volcanic hazards from Mount Rainier.
The mountain, in the past has shown the ability to destroy everything near the Puget
Sound by covering it in mudflow. Truly Mount Rainier presents a very large hazard to
the Seatde Tacoma area and people need to be ready for the next time that the mountain
comes to life and destroys everything in its path.
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Diagrams and Pictures

(2). The view of Mount Rainier from Seattle.

(8). Mount Rainier viewed from Tacoma.
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(1). Mount Rainier and Mount Adams viewed from the air leaving Seattle.
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(8). Satellite view of Mount Rainier and its river drainages.
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(8). Park map showing the general features.
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(9). Area affected by the Paradise and Osceola Mudflows
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(1). Debris flow down Fish Creek and over the Westside park road.
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(3). Lava flow left from a volcanic eruption. The tube formations are caused when the
lava meets with ice and cools rapidly. These formations resist erosion and are then
generally present on ridge tops

(3). Summit Crater to the east. Hydrothermal activity in the crater keeps the rim clear of
ice and snow year round. Columbia Crest at 14401 feet can be seen in the distance. You
can get some idea of the size from the climbers in the foreground.
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(3). Steam caves underneath the summit crater. These steam and gas vents show that the
mountain is still active.
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(l)Mount Rainier as seen from the Emmons Glacier Vista. The ridges seen to the left and
right are remnants of lava flows. This entire valley was once filled with the Emmons
glacier still seen in the background.
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(1). Typical dam on one of the river systems in the valleys around Mount Rainier. This is
the Alder Dam. These dams are present to help control small to medium lahars and
flooding.
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(1). Nisqually River and its valley. You can see the large trees that were taken out by
glacial outburst flooding.
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(1). Paradise river. The ridges to the left and to the right are leftovers of lava flow. A
combination of the Cowlitz and Paradise Glaciers are believed to once fill this valley.
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(1). Seismograph station at Paradise Visitor Center.
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(4). The eruption of Mount Saint Helens in 1980. This is possibly what could happen at
Mount Rainier.

Tureson 45

P robability of Tephra A ccu m u la tio n
WASHINGTON

Seattle
.....

Tacoma

Olympia

Wenatchee

^

o
tllensburg

Yakima

Moun t
R ain ier
Vancouver

I

I 1in 10.000

I

h m 1,000

' m 500

Figure 2.— Map showing the annual probability that
vo/cenic ash w ill be deposited to a thickness ot 13 inch
or more from an eruption ol Mount Rainier Volcanic
ash of this thickness or Jess, can cause disruption of
ground and air transportation, and can cause damage
to electronics and machinery

(6). This shows the area that could be affected by ash fall during a potential eruption.

Tureson 46

Enumclaw

[Tacoma

LakeTnppi
Sumner
Wilkeson

Greenwater

^ M ud
M ountain
Dam

Pierce

County

irbonado
Graham

Mount Rainier National P.nk Boundary
Lake
Kapom in

MOUNT
RAINIER

Eatonville
Thurston Countv
Alder
Dam
Thurston County 1

Ashford

Iwwls County

E X P L A N A T IO N
Small lahars with recurrence
interval <100 years (Case 3)
Moderate lahars with recurrence
interval 100-500 years (Case 2)
Large lahars with recurrence
interval 500-1000 years (Case 1)
Area most likely to be affected by
lava flows and pyroclastic flows
Post-lahar sedimentation

o Packwood
Packwuod
Lake

Randle,

0
R iffe Lake

F ig u r e 3.

\ iW

5

-rif
5

10 MILES

1- 1— ,----------- 1

10 KILOMETERS

Hazard zones lor lahars, lava flows, and pyroclastic flows from Mount Rainier (Hoblitt and others. 1998;
US Geological Survey Open-File Report 98-428).

Tureson 47

(1). Sign on the road out of the park in Pierce County. Shows the emergency
management plan in action.

(4). Paradise Ice Caves. These are one of the most beautiful places in the park. However
do to the receding Paradise Glacier these ice caves are completely melted away.
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(5). This is an alpine meadow, also called a park. It shows some of the first new flowers
of spring and some of the beauty of the park.
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(5). Present all year round the coniferous forests are dominated by spruce and cedar trees.
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(11). Rock fragment taken from the eastern slopes of Mount Rainier near Sunrise. This
material was ejected in the last major eruption about 150 years ago. It is solidified
volcanic ash or pumice.
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